From: Massera, Paul [mailto:pmassera@water.ca.gov]
Sent: Thursday, December 16, 2010 8:11 AM

To: Buchholz, Gwendolyn/BAO; Macaulay, Terry; Macaulay, Terry@DeltaCouncil

Cc: Moeller, Lewis; Guivetchi, Kamyar; Juricich, Rich A.
Subject: DWR Review of DSC Staff Water Resources White Paper

Dear Terry and Gwen,

Thank you for the opportunity to review the Water Resources White Paper.
find DWR's comments in the attached document.

Don't hesitate to contact me with any questions.
Regards,

Paul

ST VL NI NYNY NI NYNY VY ST VT VL NLNY VN NT VI N ST N N NY NV NT T V) NV

Paul J. Massera, P.E.

Manager, Strategic Water Planning

California Department of Water Resources

9901 P Street, Sacramento, CA 95814

Phone: (916) 651-9614

Fax: (916) 651-9289

Web www.waterplan.water.ca.gov<http://www.waterplan.water.ca.gov/>
Mail P.0. Box 942836, Sacramento, CA 94236
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Executive Summary

Water supply in California is dependent upon geography, climate, upstream patterns of use and return
flows, and facilities to store and convey water resources. Total precipitation in California results in water
flows that can range from less than 150,000,000 to more than 350,000,000 acre-feet per year (Department
of Water Resources [DWR], 2009). Most of the precipitation occurs between November and April, with
50 to 60 percent of the precipitation occurring in the northern and Central Valley— the Delta watershed.
In drier years as water demands increase, flows to the Delta decrease and demand for exports from the
Delta increases.

Since the beginning of European settlement of California the late 1700s, communities and agricultural
areas constructed dams and canals to convey water from major rivers to the new communities, farms, and
ranches. In the early and mid-1800s, local irrigation projects were constructed to support these beneficial
uses. In the late 1800s, two innovations led to the expansion of irrigated agricultural acreage. First, the
new transcontinental railroads supported expanding markets for California crops and easier migration.
Second, gasoline engines were adapted to drive pumps, allowing deep groundwater wells. As the demand
for irrigated agriculture grew, large diversions and conveyances were constructed. Some of the earliest
diversions occurred in the Tulare Lake Region on the Kaweah, Kern, Kings, and Tule rivers. Several
events further drove water supply development: numerous droughts in the late 1880s, continued
expansion of agricultural markets that led to major groundwater overdraft in portions of the Central
Valley and unreliable water supplies, and projections for continued growth in the San Francisco Bay Area
and Southern California. In response, eight major water facilities were constructed in California: San
Francisco Public Utilities Commission’s Hetch Hetchy Project, Los Angeles’ Owens Aqueduct, Imperial
Irrigation District’s All American Canal, East Bay Municipal Utility District’s Mokelumne Aqueduct,
Los Angeles’ Mono Lake Aqueduct, Metropolitan Water District of Southern California’s Colorado River
Agueduct, the Bureau of Reclamation’s Central Valley Project (CVP), and the State Water Project
(SWP). In 2005, these major water projects provided water throughout most of the state, serving more
than 34 million people and over 4 million irrigated acres (3 million acres by CVP, 600,000 acres by SWP,
and 500,000 acres by Imperial Irrigation District).

As these and other smaller water resources projects became fully operational, plans continued to be
developed for additional expansion of projects to further reduce groundwater overdrafts. These projects,
such as Mid-Valley Canal, were not completed because reliable water supplies were lacking.

Numerous litigations and regulations have changed water facilities operations to protect all watershed
beneficial uses, including use of diverted water within the watershed and within the export service area by
municipal, industrial, agricultural, and tribal users; aquatic and terrestrial habitats; recreation; and
navigation. All of these beneficial uses require the availability of reliable water supplies with appropriate
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water quality. Continued water diversion in historical patterns and periodic droughts will not allow for
balanced and reliable water supplies with appropriate water quality for all beneficial uses.

Since the historic drought of 1976 and 1977, many municipalities and agricultural areas have
implemented major water use efficiency measures to allow continued growth without additional water
supplies. However, continued occurrence of droughts and restrictions on diversions of water to protect
aquatic habitat and other water users (in the Delta, Owens Lake, Mono Lake, Pardee and Camanche
reservoirs into the Mokelumne Aqueduct, and Colorado River) have reduced water availability to major
municipal and agricultural areas of California. Some areas that are reliant upon imported CVVP and SWP
water supplies and precipitation in surrounding mountains have found it difficult to slow or reverse the
continuing groundwater overdraft. For example, the Tulare Lake Region has experienced groundwater
overdraft since the 1880s. During wet years, local runoff and primary use of imported CVP and SWP
water allows groundwater elevations to rise. However, this groundwater replenishment cannot keep pace
with normal and dry year use, so groundwater elevations continue to decline. In the past 20 years as the
CVP and SWP systems were fully constructed and Delta exports were reduced to protect aquatic and
terrestrial habitat, CVP and SWP exports to the Tulare Lake Region have declined from their levels in the
1960s through 1980s, resulting in greater reliance on local supplies. The combination of these conditions
has further exacerbated groundwater overdraft. A water emergency has been issued for the Central Coast
basin in Southern California due to declining water levels that are near historic lows in some areas.

During the past few years, all regions of the Central Valley and areas of California that use water
exported from the Delta watershed have developed programs to reduce the consumptive use of water,
reduce overall water diversions, and improve water quality and aquatic and terrestrial conditions in the
Delta watershed. However, the available water supply and water quality is not sufficient for all the
beneficial uses. The availability of water supply could be further reduced as sea level rise extends the
reach of salt water further into the Delta and reduces the availability of water supplies with appropriate
water quality for municipal and agricultural users. Climate change could reduce snowpack in the
mountains, which would change the availability and management of water supplies in complex ways. Air
temperature could also be affected by climate change, potentially leading to increased consumptive use by
riparian and wetland vegetation as well as water demand for agricultural crops throughout the Central
Valley. All of these future scenarios would further reduce the availability of reliable water supplies for all
beneficial uses.

This white paper is intended to describe the development of facilities and jurisdictional requirements over
the past 150 years that have addressed beneficial uses, potential and real conflicts between those uses, and
future risks. This white paper provides a summary of historical and existing conditions, but does not
provide specific details such as operational criteria for water systems that divert water from the Delta
watersheds. This white paper does not address methods to reduce the risks or reduce existing or potential
adverse conditions in the Delta. Additional information will be provided in the Existing Conditions and
Affected Environment sections of the EIR, including:

+ Surface water flows and water quality characteristics

+ Groundwater use and quality

+ Facilities used by the SWP, CVP, and other major water systems

+ Historical and existing water use, and a comparison of water use and water supplies

The draft water resources section of Existing Conditions will be presented to the Council in February
2011.
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Section 1
= Introduction

In November 2009, the California Legislature enacted SBX7 1 (Act), one of several bills passed at this
time related to water supply reliability, ecosystem health, and the Delta. The Act became effective on
February 3, 2010.

In the Act, the Legislature declared that the Delta (which the Act specifies to include the Sacramento—San
Joaquin Delta and Suisun Marsh) is a critically important natural resource for California and the nation. It
serves Californians concurrently as the hub of the California water system and as the most valuable
estuary and wetland ecosystem on the west coasts of North America and South America. The Legislature
also declared that the Delta watershed and California’s water infrastructure are in crisis, that existing
Delta policies are not sustainable, and that resolution of the crisis requires fundamental reorganization of
the State’s management of Delta watershed resources.

The Legislature required development of the Delta Plan to meet the coequal goals and all of the inherent
subgoals defined by statute. The plan must define an integrated and legally enforceable set of policies,
strategies, and actions that will serve as a basis for future findings of consistency by state and local
agencies with regard to their Delta-related projects, and for subsequent evaluation of those findings by the
Council on appeal, as provided in statute and Council regulation. The coequal goals are defined by Water
Code (Wat. Code) section 85054:

'Coequal goals' means the two goals of providing a more reliable water supply for California and
protecting, restoring, and enhancing the Delta ecosystem. The coequal goals shall be achieved in
a manner that protects and enhances the unique cultural, recreational, natural resource, and
agricultural values of the Delta as an evolving place.

Formed by the confluence of the state’s two longest rivers—the Sacramento and the San Joaquin—the
Delta is one of the most valuable and unique natural resources in the state and nation. Over the past

120 years, demands for water and land resources have become more competitive among ecosystem
resources, agricultural users, municipal and industrial users, power generators, flood management
operations in the watershed, and salmon fishing operations along the Pacific Coast. Despite the Delta’s
importance, the challenges of effectively addressing water resources, water quality, and other competing
Delta beneficial uses have led to increased conflicts over time.

As an initial step in the development of the Delta Plan, white papers are being developed to summarize
the following information:

DECEMBER 8, 2010
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+ Historical activities that have contributed to existing conditions and current uses of Delta
resources

+ Jurisdictional responsibilities;

+ Current conditions related to uses of Delta resources

+ Future issues related to Delta resources

The white papers are not intended to describe the existing and projected conditions in detail. The more
detailed discussions of existing and projected conditions will be presented in the Delta Plan
Environmental Impact Report (EIR). Draft versions of the EIR chapters related to the existing and
projected future conditions without implementation of the Act will be provided in early 2011 for review
by the Delta Stewardship Council and the public.

Purpose and Use of this White Paper

This white paper is intended to describe the development of facilities and jurisdictional requirements over
the past 150 years that have addressed beneficial uses, potential and real conflicts between those uses, and
future risks. This white paper provides a summary of historical and existing conditions, but does not
provide specific details such as operational criteria for water systems that divert water from the Delta
watersheds. This white paper does not address methods to reduce the risks or reduce existing or potential
adverse conditions in the Delta. Additional information will be provided in the Existing Conditions and
Affected Environment sections of the EIR, including:

+ Surface water flows and water quality characteristics

+ Groundwater use and quality

+ Facilities used by the SWP, CVP, and other major water systems

+ Historical and existing water use, and a comparison of water use and water supplies

The draft water resources section of Existing Conditions will be presented to the Council in early 2011.

Statutory Requirements

The Act (Wat. Code section 85020) stated that the policy of the State of California is to achieve the
following objectives that the Legislature declares are inherent in the coequal goals for management of the
Delta:

(a) Manage the Delta’s water and environmental resources and the water resources of the state
over the long term.

(b) Protect and enhance the unique cultural, recreational, and agricultural values of the California
Delta as an evolving place.

(c) Restore the Delta ecosystem, including its fisheries and wildlife, as the heart of a healthy
estuary and wetland ecosystem.

(d) Promote statewide water conservation, water use efficiency, and sustainable water use.

(e) Improve water quality to protect human health and the environment consistent with achieving
water quality objectives in the Delta.

(f) Improve the water conveyance system and expand statewide water storage.

DECEMBER 8, 2010
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(9) Reduce risks to people, property, and state interests in the Delta by effective emergency
preparedness, appropriate land uses, and investments in flood protection.

(h) Establish a new governance structure with the authority, responsibility, accountability,
scientific support, and adequate and secure funding to achieve these objectives.

For this effort, the Delta Plan will address areas that provide water to the Delta and areas that use water
from the Delta, including the Delta watershed, because water management activities in these areas affect
or could affect Delta water resources and water quality. The paper discusses natural sources of water, how
water is used in the state, and the development of water supply by maximizing local supplies, developing
interbasin transfers, implementing water conservation, and desalination of water. The paper also includes
a discussion of how climate change will impact Delta water supplies.

DECEMBER 8, 2010
NOT REVIEWED OR APPROVED BY DELTA STEWARDSHIP COUNCIL 1-3



Agenda ltem 9
Attachment 2



I O U1 W

11
12
13

14

15
16
17
18
19

20
21
22
23
24
25

Agenda ltem 9

Attachment 2
WATER RESOURCES WHITE PAPER SECTION 2
WATER USE IN CALIFORNIA

Section 2
Water Use In California

This section of the white paper will explain how and where water is used in California. Water use in
California is described using three categories;

(1) Water for urban (commercial, industrial, and residential) use
(2) Water for agricultural use

(3) Water used to sustain environmental needs (described in the California Water Plan as
environmental use).

This white paper makes frequent use of statewide and regional water supply and use data published in the
2009 California Water Plan Update (DWR, 2009), which are based on water balances for the years 1998-
2005. The data do not reflect impacts on water supply and water use that result from the 2007-2009 drought
or recent court decisions and changes to biological opinions, which have reduced the amount of water
available for export.

Background

Water use in California evolved with the development of water supplies throughout the state. The invention of
the motorized pump led to intensive use of groundwater for irrigation in the early 1900s, driving the growth
of agriculture in some areas of the Central Valley. As major water supply projects were developed to offset
overuse of groundwater in some areas, additional water supplies became available for more water-scarce
areas, matching growth in urban areas and moving water into other areas to support irrigation.

Because a large percentage of California’s water runoff naturally flows out through the Delta, the Delta
watershed has played a significant role in the development of water supplies, and has also been significantly
affected by that development. The Delta Plan will address areas that provide water to the Delta and areas that
use water from the Delta, including the Delta watershed, as shown in Figure 2-1. Including areas of California
reliant on Delta water in the Delta planning area is important because water management activities in these
areas affect or could affect Delta water resources and water quality.

DECEMBER 8, 2010
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Figure 2-1
Areas that Provide Water to the Delta and Use Water from the Delta

WEG1110100421325AC

Water use is impacted by water availability and varies based on precipitation, available runoff, and water
demand. Wet years (i.e., higher rainfall) result in lower water demand while drier years (i.e., less rainfall
than average) have a higher water demand. Demands are primarily driven by agricultural irrigation needs
and urban demands, and recently more water is being allocated to support the environment.

Precipitation and Runoff

Precipitation is the primary source of water in California but varies seasonally, geographically, and
annually. Precipitation produces water supplies ranging from less than 150 million to more than

DECEMBER 8, 2010
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350 million acre-feet per year (DWR, 2009). Precipitation in California occurs primarily between
November and April, and most precipitation occurs in the mountains of eastern and northern California as
seen in Figure 2-2. The variability of precipitation results in a mismatch between water availability and
water needs.

Precipitation varies widely on an annual basis with cycles of higher than average and lower than average
(droughts) rates as seen in Figure 2-2. This figure shows major droughts in the state including the
droughts of 1912-13, 1918-20, 1923-24, 1929-34, 1947-50, 1959-61, 1976-77, 1987-92, and 2007-09
(DWR, 2010a) as well as the wetter than normal years. The unpredictability and variations in
precipitation that occur in California make relying on precipitation as well as the resulting runoff for
water supply impractical.

Figure 2-2
Average Annual Precipitation in California
Source: USGS, 2010

Average Annual
Precipitation in
California
(With Shaded Relief)

Precipitation in Inches
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Figure 2-3
Variability in Annual Precipitation in California (Jul- Nov)
Source: Western Regional Climate Center, 2009
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In the Delta watershed and use areas, the most significant source of water is runoff from the Sacramento
and San Joaquin rivers and their tributaries. These rivers outflow to the Sacramento-San Joaquin Delta
and Suisun Marsh (Delta), which form a natural floodplain that drains approximately 40 percent of the
state (DWR, 2009). Precipitation and runoff in the Delta region are the primary sources for water in the
state.

Precipitation in the coastal watersheds and in the lower elevations of the Delta watershed occurs primarily
as rainfall or snow that melts quickly. Runoff from a rainfall event starts during the event and continues
for several days following larger rainfall events. Snowmelt from the mountains in the higher elevations of
the Delta watershed occurs in March through June in the northern portions of the Central Valley (i.e.,
Sacramento Rivers and its tributaries) and April through July in the central and southern portions of the
Central Valley (i.e., San Joaquin River and tributaries). Runoff from the snowpack in the Delta
watersheds could be 5 to 15 percent of the total runoff into the Delta. Figures 2-4 and 2-5 show the
variability in annual runoff as well as highlight dry years on the Sacramento and San Joaquin Rivers and
their major tributaries. The variability between high runoff years (e.g., over 35 million acre-feet on the
Sacramento River) and dry years (e.g., approximately 5 million acre-feet per year on the Sacramento
River) illustrates the problem of relying on unimpaired runoff for a consistent water supply. For this
reason, major water supply projects have been developed in the state to capture, store, and convey water.
These projects will be described in Section 3.
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Figure 2-4
Sacramento Four Rivers Unimpaired Runoff, 1906-2008
Source: DWR, 2009
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The Sacramento Four Rivers are: Sacramento River above Bend Bridge, near Red Bluff, Feather River inflow to Lake Oroville;
Yuba River at Smartville; American River inflow to Folsom Lake
Figure 2-5

San Joaquin Four Rivers Unimpaired Runoff, 1906-2008
Source: DWR, 2009
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The San Joaquin Four Rivers are: Stanislaus River inflow to New Melones Reservoir, Tuolumne River inflow to New Don Pedro
Reservoir, Merced River inflow to New Exchequer Reservoir, San Joaquin River inflow to Millerton Reservoir.
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Population =

Water use is commonly discussed on a per capita basis; therefore, understanding the population

d ution in the state is important. In 2009, California’s population was estimated to be approximately
36.5 million as shown in Figure 2-6. The Department of Finance (DOF) estimates that population in
California will continue to grow to approximately 60 million by 2050 (DWR, 2009). Populati=)rowth
has slowed from a high of 2 percent between 2000 and 2001 to less than 1 percent between 20u8and
2009 (DOF, 2009).

Figure 2-7 shows the distribution of the state’s population by county. Population in the state is highest in
southern California as well as the San Francisco Bay and Sacramento areas. Los Angeles County has the
largest population in the state. The state’s nine largest counties are Los Angeles, San Diego, Orange,
Riverside, San Bernardino, Santa Clara, Alameda, Sacramento, and Contra Costa. These counties
compose over 70 percent of the population of California and all rely on Delta water for supply. Water
from the Delta or its tributaries supplies all of the counties within the state that have populations in excess
of 5 0. The population of these areas is also growing; between 2000 and 2009, the largest population
gainymrthe state were in Los Angeles, San Diego, Orange, Riverside, and Santa Clara counties.

Figure 2-6
California Population
Source: DOF, 2009
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Figure 2-7 1
California Population by County
Source: CalEMA, 2010 2
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Urban Water Use &

Statewide, urban water use, per capita, averaged 192 gallons per capita day (gpcd) in 2005. The lowest
per capita water usage in the state is in the Southern California and San Francisco Bay Areas, California’s
most populous regions, as shown in Figure 2-8. Per capita usage is lowest along the Pacific Coast and
highest in the interior regions of the state, particularly the Tulare Lake, South Lahontan, and Colorado
River regions, where low precipitation and higher temperatures increase the amount of water required to
support irrigated landscaping.

Figure 2-8
Urban Water Use in California@
Source: DWR, 2009
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Since 1980 the population in California has increased by more than 13 million while per capita use has

decreased by over 23 gallons per capita day (gpcd) as shown in Figure 2-9. Implementation of water use
efficiency measures (water conservation) has led to these reductions. Some urban areas have been more
successful in implementing these measures, as case studies illustrate below.

Figure 2-9
California Urban Water Use and Population, 1965-2005
Source: DWR, 1968, 1973, 1983, 1994; DWR et al., 2010
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As urban areas in California continue to grow, in addition to water supply development, improved water

efficiency (water conservation) will be required to continue to reduce per capita water use and meet water
demands. Water efficiency measures implemented in California are based on Best Management Practices
(BMPs) set-up by the California Urban Water Conservation Council as outlined in Table 2-1. These

BMPs have historically been implemented by water agencies on a voluntary basis; however, some of
these are now mandatory due to recent state legislation and water code changes. These changes have
included requirements for metering, landscape irrigation ordinances, high efficiency appliances, and a

required 20 percent water savings by 2020 in California.

In the future, the most significant water use reductions could come from the implementation of outdoor
landscape and irrigation efficiency measures. Outdoor use comprises up to 70 percent of urban household

water use (SAWPA, 2009). Installation of “Smart” irrigation controllers, turf reduction programs, and

planting of drought tolerant plants are all effective measures to reduce outdoor use. Another significant

source of water future water savings could come from requirements for high efficiency appliance and

fixtures as toilets and clothes washers account for almost half of indoor urban household water use

(SAWPA, 2009).
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Case Study: EBMUD Water Use

Water use records for the East Bay Municipal Utilities District (EBMUD) demonstrate the per capita
water use trends common in California cities over the last century. Increases in per capita water use
through the 1970s were driven by advances in technology and overall living standards. Indoor plumbing,
appliances such as dishwashers and washing machines, backyard swimming pools, and larger yards in
suburban areas all contributed to increases in per capita water use. The overall water use trends for the
EBMUD mirror these developments, as shown in Figure 2-10. The sharp decline in water use in 1977 was
a result of water conservation and other water management actions that were put in place during the 1976-
1977 drought. Water use also dropped during the 1987-1992 drought due to water management actions. In
recent years, water use rates have declined due to implementation of tiered rate structuring, designed to
encourage water conservation during the drought conditions experienced during 2007-2009.

Figure 2-10

East Bay Municipal Utilities District

Urban Water Use (per capita), 1917-2009

Source: DWR, 1965, 1968, 1975, 1983, 1994, 2010b
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Case Study: Water Use in Los Angeles

The City of Los Angeles began conserving water over 100 years ago, and water use records demonstrate
the effectiveness of these efforts despite advances in living standards. Water conservation began in Los
Angeles in the 1890s when William Mulholland led efforts in 1889 to install meters in the city of Los
Angeles, decreasing per capita water use from 306 to 200 gallons per day (LADWP, 2010). Since that
time, water conservation has been an integral part of water management for the city. According to a
National Water Research Institute (NWRI) study, the population of Los Angeles grew 33 percent in the
30 years from 1975 to 2005 without an increase in total water use. During the 1990s alone, Los Angeles
County added 1 million residents without increasing total water use (NWRI, 2007). The City of Los
Angeles Integrated Plan for the Wastewater Program estimated that water use averaged 178 gpcd from
1971 to 1990, as illustrated by Figure 2-11, and since then has decreased to 147 gpcd due to water
conservation efforts. The city estimates that future water conservation measures can decrease per capita
water demand by 2 percent to 144 gpcd by the year 2050 (City of Los Angeles, 2000).

DECEMBER 8, 2010
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Figure 2-11
Los Angeles Department of Water and
Power Urban Water Use (per capita), 1940-1990

Source: DWR, 1968, 1975, 1983, 1994
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Agricultural Water Use

California is one of the most productive agricultural regions in the world. There are over 88,000 farms in
the state that generate over $100 billion in economic activity related to agriculture (DWR, 2009).
California agriculture is dependent on market demands and water availability and is not generally
subsistence farming (DWR, 2009). Agriculture in California has developed in conjunction with major
water resources projects. This increase was most significant in the Central Valley where the State Water
Project and Central Valley Project enabled farming to expand. This is evident in Figure 2-12 where the
yellow (1912), green (between 1912 and 1972) and blue (1972) shading shows the massive expansion of
land put into production between 1912 and 1972 (Governor's Office of Planning and Research, 1978).
Irrigated acreage statewide increased by more than 400 percent between the 1850s and 1990s (Olmstead
and Rhode, 2004).
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1.
Figure 2-12
Development of Agriculture and Municipal Water Supplies in California
Source: Governor's Office of Planning and Research,1978
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Since the 1970s, agricultural water usage has varied between 38 million acre feet and 42 million acre feet
per year statewide due to decreasing crop acreage, crop changes, water management, and better irrigation
systems. For the last 20 years, this usage has been at the lower end of the range, as is shown in Figure 2-
13. Between 1972 and 2002, the most significant change in water use occurred from changes in crop
planting and water management, including (DWR, 2009):

+ Areduction from 67 to 42 percent in the amount of field crop planted
+ Areduction of 31 percent in the amount of surface irrigation

¢ Anincrease from 6 to 16 percent in vineyard production

+ Anincrease from 15 to 31 percent in orchard production

¢ A 33 percent increase in low-volume (drip) irrigation

Also, land conversion from agricultural to urban use, fallowing , or ecosystem restoration has occurred in
Southern California (over 119,000 acres) and portions of the Central Valley (631,000 acres), further
reducing agricultural water use.

Figure 2-13 @

Agricultural Water Use and Irrigated Acreage in California
Source: DWR, 2009; DWR and CDFA, 2008
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Water to Meet Enadronmental Requirements

In the California Water Plan, environmental water use includes instream flows, Wild and Scenic River
flows, required Delta outflow, and flows te and federal wildlife refuges and other managed wetlands.
The Water Plan used the “environmental Use” category to account for these flows in the water balance.
Some of this environmental water is reused by agricultural and n water users downstream.

Water supplies in California have not always been dedicated to environmental uses. Over time, California
has lost over 90 percent of its natural wetlands, and natural flow patterns in a majority of the state’s rivers
were regulated for flood control or water supply. Ecosystems in many areas of the state have declined due
to invasive species, water quality impairments, watershed operations, lack of suitable habitat, and other
issues. As Californians identified environmental needs, regulators and water managers responded. For
example, in 1993, the Central Valley Project Improvement Act (CVPIA) was passed, which dedicated a
portion of the yield of the CVP to protect, restore, and enhance fish and wildlife habitats in the Central
Valley and Trinity River Basins. A portion of the water project yield was then allocated to environmental
uses instead of delivering this water to agricultural and urban uses. A number of other flow and water
quality standards have also been set, including seasonal instream flow requirements to support migrating
fish and water quality targets to support fish life cycles.

Recent Bay-Delta flow requirements are contained in the 2006 Bay-Delta Plan and in Decision 1641 (D-
1641). In these plans, Delta outflow requirements generally take two basic forms based on water year type
and season:

+ Specific numerical Delta outflow requirements

+ Position of “X2”, an expression of a distance from the Golden Gate Bridge to a particular salinity
condition’

Following implementation of D-1641, salmonid and Delta smelt populations in the Delta watershed
continued to decline. These declines have led to issuance of biological opinions starting in the early
1990s. The requirements also have been modified by judicial decisions and additional restrictions.
Recently two biological opinions were issued that provided for improved habitat conditions in the Delta
and the Delta watershed.

¢ On December 15, 2008, the United States Fish and Wildlife Service issued a biological opinion
on the Long-Term Operational Criteria and Plan (OCAP) for coordination of the CVP and SWP.
The Reasonable and Prudent Alternative (RPA) applies to delta smelt and focuses primarily on
managing flow regimes to reduce entrainment of delta smelt, the extent of suitable water
conditions in the Delta, and on habitat restoration.

+ OnJune 4, 2009, the National Marine Fisheries Service issued its Biological and Conference
Opinion on the OCAP, which provides RPA actions to protect winter-run and spring-run Chinook
salmon, Central Valley steelhead, green sturgeon, and Killer whales from water project effects in
the Delta and in upstream areas. The RPA addresses actions related to flow and temperature
management, gravel augmentation, fish passage and reintroduction, gate operations and
installation, fish screen funding, floodplain and habitat restoration, hatchery management, export
restrictions, CVP and SWP fish collection facility modifications, adaptive management,
monitoring and reporting, and other actions.

Both opinions are the subject of ongoing litigation, which creates uncertainty about their implementation
and about the reliability of water supplies from the Delta.

1 The horizontal distance in kilometers up the axis of the estuary from the Golden Gate Bridge to where the tidally averaged near-
bottom salinity is 2 practical saline units (psu).
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In 2009, the Delta Reform Act required the State Water Resources Control Board (SWRCB) to develop
flow criteria for the Delta ecosystem and the Department of Fish and Game (DFG) to identify quantifiable
biological objectives and flow criteria for at-risk species in the Delta. These reports were required in part
to inform the planning processes of the Delta Plan and the Bay Delta Conservation Plan (BDCP).

¢ In August 2010, the SWRCB completed a report identifying flow criteria for the Delta ecosystem.
The report includes the volume, timing, and quality of flow for the protection of public trust
resources under different existing hydrologic conditions. Although narrow in scope, the report
contains a summary of the specific flow needs for certain species based on the most recent and
available science. The report concluded that there is sufficient scientific information to support
the need for increased flows to protect public trust resources.

+ In September 2010, DFG completed a draft report identifying quantifiable biological objectives
and flow criteria for aquatic and terrestrial species of concern dependent on the D To date,
DFG has identified 21 streams that need instream flow objectives set and another@%treams that
need to be investigated in the future. These identified steams are listed in Table 2-3. A number of
these stream segments are located within the Delta watershed, and meeting these objectives could
impact water availability.

The results of these flow criteria studies are to be used to inform ongoing programs, including
development of the Delta Plan. The flow criteria cannot be used solely by the SWRCB to develop overall
flow criteria for Delta and the tributaries without consideration for flow needs for other beneficial uses,
including water supplies and recreation.
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Department of Fish and Game List of Streams for Instream Flow Studies

Streams That Require Objectives Now

Streams Where Future Studies Are Needed

Stream County Stream County
Carmel River Monterey Butte Creek Butte
Redwood Creek Marin Toulumne River Stanislaus
(below La Grange Dam)
Brush Creek Mendocino San Gregorio Creek (lower) San Mateo
Lower American Sacramento North Fork of Mavarro River Mendocino
River
Lagunitas Creek Marin Big Sur River Monterey
Lake Tahoe Basin Multiple Santa Maria River Santa Barbara
North Fork Feather Multiple Redwood Creek (tributary to Maacama) Sonoma
River
Upper West Fork Los Angeles Bear River (Below Camp Far West) Placer and Nevada
San Gabriel River
Yuba River Yuba Shasta River Siskiyou
Rush Creek Mono Carmel River Monterey
Lower Mokelumne San Joaquin Santa Margarita River Riverside
Rive
Parker Creek Mono Merced River ( below Crocker-Huffman Merced
Dam)
South Parker Creek Mono Redwood Creek (tributary to Napa Napa
River)
Walker Creek Mono Scott River Siskiyou
Upper Owens River Mono Mattole River (near Whiethorn) Humboldt
Lee Vining Creek Mono Dry Creek ( tributary to Napa River) Napa
Merced River Merced Deer Creek (tributary to Yuba River) Nevada
Scott Creek Santa Cruz Mojave River Riverside
Mill Creek Mono Carpentaria Creek Santa Barbara
Truckee River Basin  Multiple Santa Ana River Riverside and San
Bernardino
Battle Creek Shasta and Tehama Middle Fork Feather River Plumas

Dos Pueblos Creek

Santa Barbara

2-16
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Total Water Use in California

A majority of the water used in California is within the Delta watershed and areas that use water exported
from the Delta, as shown in Figure 2-14. Southern California has the largest population as well as urban
use in the state. Agricultural use is highest in the Sacramento River, San Joaquin, and Tulare Lake areas.
Flow restrictions to meet environmental requirements are highest in the North Coast, Sacramento River,
San Joaquin, and Tulare Lake areas. Figure 2-15 shows the changes in water use distribution due to
climate changes based on a wet (1998), normal (2000), and dry year (2001). Urban (2 percent change) and
agricultural (11 percent change) use increases and environmental water (13 percent change) decreases in
drier years. Environmental (28 percent decrease) and agricultural (23 percent increase) use have the
largest swing between wet and dry years.
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Figure 2-14 @
Total Water Use in California
Source: DWR, 2009
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Figure 2-15
Total Water Use in California
Source: DWR, 2005
Wet Year (1998) Normal Year (2000) Dry Year (2001)
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Section 3

Water Supply Development

This section of the white paper will discuss water supply development and management in California to
meet changing water needs. Water resources were developed by first using local water resources.
Development included groundwater pumping, local stream runoff and river diversions, and local
reservoirs. These resources were adequate to allow population growth until the 1920s and 1930s when
groundwater overdrafting and water scarcity challenged the water-poor areas of California. Major water
supply projects were developed, including reservoirs constructed to impound stream and flood flows as
well as aqueducts and canals to move water to areas where water was insufficient to meet demands. In the
1970s and 1980s, water conservation and water recycling were implemented in some areas of the state to

fully utilize existing water resources. Groundwater
recharge and conjunctive use projects also were
implemented to replenish and manage groundwater
resources. Brackish or saline water supplies
(including groundwater, surface water, and seawater)
have also been developed to help meet water
demands. Appendix A summarizes major events in
water development in California. The following
section will provide an overview of how Delta water
is used and its role California water development.

Sacramento — San Joaquin
Delta

The Delta is at the center of water in California.
Water from the Sacramento and San Joaquin rivers
flows in Delta. Runoff into the Delta avt;%ls
about 21 ion acre-feet per year, which is 42
percent of the surface water in California (DWR,
2009). This is the reason a majority of the state relies
on the Delta for water.

Figure 3-1 shows water movement into and out of the
Delta. The natural Delta system consists of water
inflows from upstream tributaries and outflow to the
Suisun and San Francisco Bay. Over time this pattern
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Figure 3-1
Water Movement through the Delta
Source: LAO, 2008
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WATER SUPPLY DEVELOPMENT

has been changed by exporting water to areas where local supplies cannot support existing water needs.
Water is moved from the water-rich Delta to other areas of the state that may not be adequately supported
by local supplies. These areas include densely populated areas (i.e., San Francisco and southern
California) and agricultural areas (i.e., San Joaquin Valley and Tulare Lake). The next subsections of this
white paper will discuss major water projects that have been developed to move Delta water to users.

Figure 3-2 shows the amount of water that is exported and flows annually from the Delta. Water from the
Delta watershed is used by in-Delta and upstream diverters, provided to meet flow requirements for
ecosystem health and to prevent salinity intrusion, and exported to southern and central California to
supply urban and agricultural uses. This runoff supplies one-quarter of the state’s urban water supply and
iS a major source to two-thirds of California’s population (DWR, 2009). Runoff to the Delta also supplies
water to over 700 million acres of irrigated land (Reclamation, 2009b). Figure 3-2 also shows the
variability in Delta exports based on water availability in the system. The reduction of flow from the
droughts of 1959-61, 1976-77, 1987-92, and 2007-09 (DWR, 2010) has impacted water availability from
the Delta. These flow reductions impact water supply available for urban and agricultural uses.

Figure 3-2

Delta Exports and Outflows
Source: DWR, 2009; DWR’s Dayflow Model
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Delta Water Quality

Water quality in the Delta, especially salinity, is impacted by climatic conditions (freshwater inflows and
drought cycles), upstream and in-Delta uses, tidal influences, and in-Delta and export diversions and
operations. Water quality is better in the north Delta than in the central and southern Delta. Specific water
quality issues within the Delta include salinity, Total Organic Carbon (TOC), turbidity, bromide,
pesticides, mercury pathogens, ammonia, and dissolved oxygen. Salinity has been the most important of
these concerns because it can impair the use of water by municipal, industrial, and agricultural users and
aquatic organisms. Specific factors that may cause salinity to exceed water quality objectives in the Delta
include:
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+ Seawater intrusion from the Pacific Ocean and San Francisco Bay during high tides and relatively
low fresh water outflows in the western Delta

+ Salts from San Joaquin River outflows originating in agricultural return flows and from
municipalities as well as other sources in the southern Delta

+ In-Delta irrigation return flows that result in localized increases in salinity in dead-end sloughs
and low-capacity channels (null zones) at Old River between Sugar Cut and the CVP intake,
Middle River between Victoria canal and Old River, and the San Joaquin River between the head
of Old River and the City of Stockton (SWRCB, 2010)

Salinity in the western Delta depends on freshwater inflows from the Sacramento and San Joaquin rivers,
wind movement from the Golden Gate, and daily tidal actions. Early reports from a Spanish expedition in
1775 and a United States expedition in 1841 indicated that fresh water was located near the confluence of
the Sacramento and San Joaquin rivers, possibly near New York Slough (approximately near the
Pittsburg-Antioch city border). Antioch established a freshwater intake in the 1860s on the San Joaquin
River near the present State Highway 12 Bridge. Numerous cities and industries between Crockett and
Antioch established freshwater intakes in the late 1800s. However, some of these intakes were abandoned
due to high salinity and water pollution from upstream wastewater discharges, including the City of
Pittsburg intake that was replaced with groundwater wells in the early 1920s. However, there were
indications that brackish water occurred near the confluence of the two rivers during dry periods (DWR,
1931). The California & Hawaiian Sugar Refining Corporation hauled water to the Crockett plant from
the Delta until 1920 when water was hauled from Marin County. The summary of the records from the
refinery indicate that freshwater was obtained near the river confluence in most years except during late
summer or droughts between 1908 and 1920. The summary of the records indicate that Suisun Bay was
characterized as fresh in most years between 1908 and 1929 except during droughts.

Records indicated that the combined Sacramento and San Joaquin rivers average annual flow between
1871 and 1929 was about 31,000,000 acre-feet per year (DWR, 1931). However, the average from 1909
to 1929 was 24,000,000 acre-feet per year and the average between 1919 and 1929 was 19,000,000 acre-
feet per year. The reduction in flow was partially caused by reduction in average rainfall from numerous
wet years between 1871 to 1917 as compared to the dry years in the 1918 through 1929 period, which
included the beginning of the longest drought of historical record in California (1927-1934). The inflows
also were reduced due to increased irrigation in the upper watersheds. By 1929, over 1,317,000 acres
were irrigated in the watershed and between 1915 and 1920 the irrigated acreage increased by 67,000
acres per year due to the development of rice that used water between April and October when the salt
water intrusion was the most severe. During this same period, reservoir capacity in the watershed
increased from 350,000 acre-feet in 1910 to more than 4,000,000 acre-feet in 1929. Historic salinity
intrusion in the Delta is shown in Figure 3-3.

The state initiated the first Delta salinity investigation in 1916. The City of Antioch filed a lawsuit in
1920 against water users in the upper watershed based upon reduction in water quality of their water right.
The State Supreme Court ruled against the City of Antioch because the court indicated that the water right
on the San Joaquin River was for diversion and could not be used to require upstream diverters to leave
enough water in the river to reduce salt water intrusion below the point of diversion. However, the
litigation brought attention to the Delta salinity issue and further investigations were completed in the
1920s, 1930s, 1940s, 1950s, and 1960s. In the 1950s and 1960s, the state investigated establishment of
salt water barriers on the Sacramento River near Steamboat Slough and Walnut Grove, on Cache and
Lindsay sloughs, and possibly barriers on the San Joaquin River near Paradise Cut (DWR, 1957).

Following completion of the SWP, DWR signed agreements with North Delta Water Agency, City of
Antioch, and Byron-Bethany Irrigation District to maintain freshwater salinity concentrations in the western
and northern Delta under specific provisions. Since 1967, the salinity limitations have been met except for
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the agreement with the City of Antioch. When salinity at the Antioch water supply intake is too high, the
city purchases water from Contra Costa Water District that uses upstream water intakes and the DWR
partially reimburses the city for these purchases.

Figure 3-3
Historical Salinity Intrusion in the Sacramento-San Joaquin Delta
Source: Jackson and Patterson, 1977
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Salinity has continued to increase over the past 100 years as additional water has been diverted upstream of
the Delta and within the Delta. DWR and the U.S. Bureau of Reclamation (Reclamation) model projections
indicate that salinity intrusion will continue to increase with sea level rise. Currently, the SWRCB is
working to update salinity requirements in the San Joaquin Valley. The focus of this effort is to reduce
salinity inflows into the Delta as well as protect south Delta agricultural uses. Salinity from the San Joaquin
River occurs due to upstream water development (i.e., reduced flows), agricultural land use, irrigation
return flows, and wastewater discharges (Central Valley Regional Water Quality Control Board, 2003).
Upstream water development including dams, canals, reservoirs, and diversions reduce the historic flow in
the river. This also is impacted by seasonal inflows of agricultural return flows, which increase salinity in
the river. Agricultural practices, subsurface accretions from groundwater, and imported water are sources of
salinity. Salinity will continue to be an issue in the future and could result in the need for additional changes
in CVP and SWP operations for ecosystem needs as well as construction of treatment plants to reduce
concentrations for water users.

Surface Water =

Surface water has been used to meet water demands in California since it was first settled. Initially local
water supplies were developed by diverting flow and damming rivers. This was sufficient to meet
demands until the 1920s and 1930s when demand for irrigated crops and migration into southern
California increased following completion of the transcontinental railroad. Between the 1920s and 1970s,
a number of regional and statewide interbasin transfers were developed to meet expanding water needs in
the state as population and agriculture expanded. These transfers included reservoirs as well as major
aqueduct or canal systems. The Toulumne and Mokelumne Aqueducts, Central Valley Project, State
Water Project, Los Angeles Aqueduct, and Colorado River Aqueduct were all developed during this
timeframe.

Surface Water Storage

Local water supplies have been developed on a majority of rivers in California by diverting or impounding
water. There is some evidence that Native Americans modified overflow basins on a local basis in the
Owens and Imperial valleys to expand areas that naturally flooded for the purpose of expanding areas with
useful native vegetation (OPR, 1979 - California Water Plan). Spanish missionaries and settlers built the
Zanja Madre to convey water from the Porciuncula River to the Pueblo de Los Angeles and adjacent
irrigated lands in the 1770s. During the same time, a 12-foot-high dam and a 245-foot-high dam were
constructed on the San Diego River along with over 6 miles of canals to convey water to Mission San
Diego. In southern California agencies developed water on the Los Angeles, San Gabriel, Santa Ana, San
Dieguito, Sweetwater, and Otay Rivers and their tributaries. Along the Central Coast, water supply was
developed on the Pajaro, Santa Maria, and Santa Ynez rivers and their tributaries. In northern California,
local water supply was developed on the Sacramento and San Joaquin rivers and Coyote, Putah, San
Antonio, and San Leandro creeks.

Reservoirs and dams have been constructed since the late 1800s by local, state, federal, and private
entities, such as power companies, for water impoundment, flood control, and hydroelectric power
generation. Figure 3-4 shows the growth in reservoir capacity